Supplementary Materials and Methods

Data
We use freely available data from Eurostat on population statistics and asylum applicants and data from OECD Economic Outlook (8). The choice of the sample period was guided by the availability of the Eurostat data on annual asylum applications in 15 Western European countries from 1985 to 2015 at the time of this writing.
Migration variables
The first variable used to evaluate international migration is the flow of asylum seekers, which is measured by the first asylum applications pending at the end of the year. Asylum seekers are temporary migrants who are waiting for a decision on their asylum claims. While their application is being processed, asylum seekers have access to public services, such as education and health, and they receive conditional social transfers, but they are generally not allowed to work. Second, we use the net flow of migrants, which is measured by the crude rate of net migration plus a statistical adjustment. Given that the growth of a country's population is the sum of natural increases (births minus deaths) and net migration (the total number of arrivals minus the departures of foreigners and nationals), the net migration data are produced by Eurostat as the difference between the total population change and the natural change.
The population statistics do not include persons who are temporarily staying in the country. Short-term movements for tourism or business are excluded.
More importantly, foreigners who are applying for a first residence permit are not included.
Thus, asylum seekers are not considered to be a part of the "usual resident population" and they are not included in the population statistics that are used by Eurostat to produce net migration data. The Eurostat annual data on asylum applications cover persons whose claim has not been definitively evaluated at the end of the year. Therefore, for a given year, an asylum applicant that is computed in our flow of asylum seekers variable is not counted by Eurostat as a permanent migrant, and he or she is not included in our net flow of migrants variable for this given year.
Economic and fiscal variables
The economic and fiscal data are computed by using the following series codes from the OECD Economic Outlook database (8). We use annual data similar to (12, 13, 15) , who emphasized their advantages in fiscal studies compared with quarterly data used in (11, 14, 16 ).
The first reason for this use is that fiscal changes are generally decided in the Budget Act before the new fiscal year (while sometimes these changes are decided for mid-year budget revisions, but they are almost never determined quarterly); therefore, the estimated shocks from annual data can be considered good approximations of actual shocks (15). Second, potential issues that relate to the anticipation of fiscal policy changes can be neglected with annual data. Third, for many countries, the data on fiscal variables (and also international migration) are not generally available quarterly; for these countries, quarterly series are often interpolated from annual data.
Methods
Estimation methodology
First, we describe our estimation methodology. To obtain an adequate sample size by using annual data, similar to (12, 13, 15) , our empirical analysis is based on a panel vector autoregressive (VAR) model with the following
where
) is a fixed (K×1) vector of individual effects; and
is the (K × 1) vector of residuals that satisfy E(ε it ) = 0, E(ε it ε it ) = Ω for all i and t, and E(ε it ε jτ ) = 0 for i = j or t = τ .
In the dynamic panel models, the fixed effects estimator suffers from the well-known Nickell bias (32) for a finite time dimension T even when the cross-sectional dimension N is large. We therefore estimate our panel VAR (with N = 15 and T = 31) by using the bias-corrected fixed-effects technique of (33). This approach is suitable when T and N have comparable sizes, i.e., when 0 < lim N/T < ∞ (as here), and may be understood as an implementable version of Kiviet's bias-corrected fixed-effects estimator (34). In particular, the technique of (33) can be applicable to higher order VAR models by using the fact that any higher order VAR process can be rewritten in first-order VAR form, by imposing blockwise zero and identity restrictions (33, 35) . Moreover, as shown in (33 ), the efficiency of a biascorrected estimator often dominates that of the GMM estimator, in terms of the root mean squared error.
Estimating the model in panel form requires to assume cross-country homogeneity in the relations among the variables. To allow for this homogenous assumption, we rely on the 15 Western European countries that have many similarities. We also include country-fixed effects and country-specific time trends. Moreover, we remove cross-country contemporaneous interdependence by including year-specific effects.
Based on the Akaike information criterion (AIC) and Bayesian information criterion (BIC), we set the lag length of the system to two so that there is any serial correlation in the residuals. The results are robust to alternative lag lengths greater than two.
Replication of the literature on fiscal studies
As a first step, we ignore the migration variables and set up a model that aims at replicating the recent findings of the literature. To this end, we first consider a baseline structural VAR that consists of a set of endogenous vari-
, where g is the real public spending per capita, nt is the real net taxes per capita , y is the real GDP per capita, and u is the unemployment rate. All variables are in natural logarithms. After detrending the variables (with country-specific linear trend), many panel unit root tests fail to accept the null hypothesis of the unit root. Therefore, we can set a VAR model that considers all the variables in levels while controlling for country heterogeneity (by using country-specific effects and country-specific time trends) and cross-country interdependence (by using year-specific effects). Following the literature on the fiscal multiplier that uses annual data (12, 13, 15), our identification is based on a lower-triangular Cholesky decomposition according to the following structural VAR
nt it−1
where The identification assumption in equation (2) indicates that the variables listed earlier in the VAR order can impact other variables contemporaneously, while the variables listed later can impact the variables listed earlier only with a lag. Therefore, in our identification, public spending is allowed to contemporaneously impact net taxes, output and the unemployment rate, and responds to these variables only with a lag. This assumption is justified by the fact that changes in expenditures are generally decided in the Budget Act presented before the new fiscal year, while adjustments during the current year are negligible (12, 13, 15 ) . Net taxes are allowed to contemporaneously influence output and the unemployment rate and may respond to output and the unemployment rate only with a lag. Net taxes include some components that are cyclically sensitive, but these components are discretionary and under the government's control, which implies that they are also determined in the Budget Act before the new fiscal year. Finally, because productivity shocks can contemporaneously impact unemployment, the output is listed before the unemployment rate, which is ordered last in the system.
The fiscal balance is expressed as a share of GDP:
G and N T are the real GDP per capita, real public spending per capita and real net taxes per capita, respectively. Its response is computed as follows As shown in Fig. S2 and Table S2 (panel a), in response to its own shock, public spending strongly increases by 3.88 percent on impact (which is the peak), and it dies out slowly. GDP increases significantly by 2.20 percent on impact (the peak), and the response remains significant until the fourth year after the shock. In response to a spending shock, the unemployment rate decreases significantly by -0.08 percentage points on impact, and the response becomes insignificant from the first year after the shock. Net taxes increase significantly by 2.54 percent on impact and by 2.31 percent after one year and respond significantly until the third year after the shock. As a result, the fiscal balance deteriorates significantly for three years and by -0.36 percent of GDP on impact (the peak).
Net taxes also respond strongly and persistently to their own shock by -4.91 percent on impact (the peak). In response to a cut in net taxes, public spending falls significantly and persistently from the first year after the shock by -0.55 percent and peaks at -1.57 percent the third year after the shock.
It should be noted that a cut in net taxes leads to a significant decrease in GDP by -0.53 percent on impact and by -1.08 at the peak (after two years), as well as a significant increase in the unemployment rate by 0.19 percentage points on impact and by 0.36 percentage points at the peak (after two years).
These results may appear to be counter-intuitive but were nevertheless found by (30) for the US economy during recessions. (36) provide a comprehensive discussion of the possible underlying mechanisms. We note that the recent SVAR literature (see, e.g., 14, 15, 30) that studies the macroeconomic effects of fiscal policies focuses on government spending rather than on net taxes.
Finally, in response to a cut in net taxes, the fiscal balance deteriorates significantly and persistently for four years and by -1.03 percent of GDP on impact (the peak).
Our results are robust to alternative specifications and in particular when considering cyclically adjusted net taxes. Because cyclically sensitive expenditure components are present in net taxes, some authors consider cyclically adjusted net taxes rather than unadjusted net taxes (12, 13, 15). We have reestimated our VAR using cyclically adjusted net taxes as a robustness check.
Cyclically adjusted net taxes are built by using the elasticity of each component of the revenues (direct taxes, indirect taxes, social security contributions received, property income received, and other current receipts) and transfers (social security benefits paid, property income paid, and other current outlays) with respect to output to purge each of these components of its cyclical part. Therefore, for each component j, we compute R
where R jt is the unadjusted (or non cyclically adjusted) item, R CA jt is the cyclically adjusted item, Y T t is the trend in the real GDP, Y t is the real GDP, and a j is the elasticity of item j to the real GDP. The trend in the real GDP is computed separately for each country in the sample, by regressing the log of the real GDP on a constant, a linear trend and a quadratic trend. Elasticities a j are country-specific and are taken from (37) to whom we refer the reader for more details on the construction of the elasticities. Using cyclically adjusted net taxes (with a country-specific cyclical adjustment) allows us to account for the cross-country heterogeneity in the response of net taxes to output variations and to directly capture the reaction of the fiscal authorities to expenditure shocks (12, 15).
With cyclically adjusted net taxes in the VAR, the response of unadjusted
is the impulse response of cyclically adjusted net taxes, and η is the elasticity of net taxes with respect to the real GDP. The value of η is set to 2.1, which is the average elasticity of net taxes with respect to the real GDP that is used in (12, 13, 15) . Therefore, with cyclically adjusted net taxes, the response of the fiscal balance to GDP ratio is given by
The impulse response functions that use cyclically adjusted net taxes are reported in Fig. S3 and Table S2 (panel b). Similar to (15), we find that using cyclically adjusted net taxes instead of unadjusted items gives roughly the same impulse responses for all variables except net taxes (which was expected). In Fig. S2 and Table S2 (panel a), unadjusted net taxes respond positively to expenditure shock, because the positive effect on the output is transmitted to the cyclical component of net taxes. Conversely, Fig. S3 and Table S2 (panel b) report the negative response of cyclically adjusted net taxes to an expenditure shock. Notice that (15) find the same result, which they interpret as an attempt of the fiscal authorities to accompany expenditure increases with discretionary tax cuts to further stimulate the economy.
It is worth n oticing that elasticities of net taxes (a j and η) are estimated; therefore cyclically-adjusted net taxes are less precisely measured. Because we are mainly interested in estimating the responses to migration shocks and because using cyclically adjusted net taxes is found to be immaterial, we thus use unadjusted net taxes in our extended VAR to avoid potential bias that might be induced by using estimated elasticities.
Including migration variables
To compute the responses to migration shocks, we consider an extended structural VAR that includes the net flow of migrants and the flow of asylum seekers as follows
and where as it and m it are the logarithms of (1+ the flow of asylum seekers as a share of the population) and of (1 + the net flow of migrants as a share of the population), respectively; and e as it and e m it are the corresponding structural shocks.
The identification restrictions in equation (3) imply that the net flow of migrants and the flow of asylum seekers can contemporaneously impact the economic variables and respond to them only with a lag. This assumption is justified by the fact that the decision to migrate is generally made considering previous years' economic conditions. Concerning the ordering between migration variables, the flow of asylum seekers is placed before the net flow of migrants because some asylum seekers (whose application will be approved)
will enter the migration statistics later. The ordering between economic variables in the extended structural VAR is the same as in the baseline model.
As reported in Fig. S4 and Table S2 ( The responses to the net flow of migrants and the flow of asylum seekers are reported in Fig. 1 and Table 1 . We find that both the net flow of migrants and the flow of asylum seekers have no harmful consequences on economic and fiscal outcomes. To the contrary, our results show evidence that both the net flow of migrants and the flow of asylum seekers are beneficial to the host country. The effect of a shock on the net flow of migrants is positive from the year of this shock and remains significant for at least two years.
The effect of the inflow of asylum seekers takes longer to have a significant impact on the economy. Significant positive effects are observed on the GDP from three to seven years after this shock.
The dynamic responses of migrations to their own shocks are displayed in Fig. 2 and Table 2 . Both the net flow of migrants and the flow of asylum seekers respond with some degree of persistence to their own shocks, with significant responses during many years after the shock. More importantly, the net flow of migrants responds positively and significantly to an asylum shock between two and five years after the shock, which reflects the fact that some asylum seekers become permanent migrants.
Relation to other studies
The existing studies on the fiscal contribution of international migration are based on approaches that ignore the economic interactions and/or rely heavily on assumptions and modeling choices (see (1) and (29) for comprehensive reviews). We use in this paper a purely data-based approach that differs substantially from the approaches that have been previously used to assess immigration's fiscal effects.
Comparing estimates across studies is difficult because of the differences in the considered countries and periods considered and the differences in Note that these estimates are taken from (1), who concludes that the fiscal effect of immigration is relatively small, within the range of ±1 percent of GDP.
To compare the magnitude of our effects with the results derived from other approaches, we must consider the fact that the dynamic responses of the fiscal variables to a migration shock consider the dynamic response of migration to its own shock. To make a relevant comparison, we have to compute an average response by using the cumulative response over time.
For instance, we computed the ratio of the cumulative response of the fiscal balance to GDP ratio to migration shock with respect to the cumulative response of migration to its own shock over 10 years. This value accounts for the response of asylum seeker flow to a net migration shock if these asylum seekers become permanent migrants. We obtained that a shock to the net flow of migrants that amounts to one percent of the population improves the fiscal balance to GDP ratio by 0.29 percent points and the GDP per capita by 4.35 percent over 10 years. These estimated effects are close to the values obtained in (2) and (5).
Using a static accounting approach, (2) investigate the net fiscal effect of immigration on the UK economy from 1995-2011. For comparability, we converted their results, reported in their Table 6 , to a percentage of GDP by using national accounts for 2011. For their baseline scenario, which is according to the authors "likely to underestimate immigrants' net fiscal contributions", the recently arrived immigrants, which represent 7 percent of the UK population, have induced a positive fiscal contribution of 2 percent of GDP. The implied elasticity is thus close to our estimate. Interestingly, they find that the net fiscal contribution of both immigrant and native population stocks are negative, the former being larger in magnitude than the latter.
Using gravity-based predictors, (5) study the relation between immigration and income per person across 188 countries around 2000. They find that "a one percentage point increase in the immigration share in the population increases income per person by about 6%", which is slightly larger than our estimate for Western European countries.
The economic and fiscal contribution of a given asylum seeker is difficult to evaluate directly because an asylum shock induces a dynamic response of the net flow of migrants and the flow of asylum-seekers over time. Nevertheless, we find that as asylum seekers become permanent residents, their macroeconomic effects are positive.
Supplementary Results
We now provide various robustness checks of our results in many dimensions including sensitivity to alternative identification, ignoring common time effects and changing the sample period.
Alternative ordering
We begin our robustness analysis by checking the sensitivity to alternative ordering in the Cholesky decomposition. In this alternative decomposition, we place the net flow of migrants before the flow of asylum seekers but leave the ordering of the other variables unaltered. This alternative ordering is justified by the idea that migration networks may facilitate asylum applications and contemporary influence the flow of asylum seekers. For this alternative ordering, Table S3 (panel a) reports the impulse responses to shock on the net flow of migrants and the flow of asylum seekers for specific periods after the shock. The dynamic effects are similar to the results reported in Table   1 .
Ignoring common time effects
In our main estimations, we include common time effects to account for cross-country contemporaneous interdependence. Using common time effects may nevertheless absorb the cross-country co-movement in structural shocks (12). Therefore, as a further robustness check, we eliminate the common time effects. The results shown in Table S3 (panel b) indicate that ignoring common time effects in the estimation does not alter our findings, except that there is an increase in the significance of the responses to a shock on the flow of asylum seekers. This result may reflect the cross-country co-movement in asylum seekers' shocks among EU countries.
Period heterogeneity
To investigate the time homogeneity assumption, we check whether our results differ across time. More precisely, we check whether our results hold when the recent "migrant crisis" that started with the Arab Spring is ex- Thus, we estimate our model for the sub-period from 1985 to 2010. As shown in Table S3 (panel c), the dynamic responses to a shock on the net flow of migrants are similar to the results obtained above, while the responses to asylum demand shock become nonsignificant. These nonsignificant responses to asylum shock may be explained by the fact that the magnitude of asylum seeker flows was, on average, smaller from 1985 to 2010.
Using first differences
As mentioned above, there is some statistical evidence of trend-stationarity of our series. However, for GDP, spending and net taxes, one cannot strongly exclude the presence of a unit root.
To check the relatively short duration of GDP and fiscal responses to migration or asylum shocks, we estimate a new VAR model with the first differences of the logarithms of per capita GDP, spending and net taxes.
Cointegration relationships cannot be excluded and one candidate is the relation between net taxes and spending, under the assumption that the two variables follow a unit root process. Therefore, as in (11), to account for sustainability criteria imposed on fiscal policy (what are particularly relevant in Europe), we impose a co-integration relationship between spending and taxes so that the difference between the log of net taxes and the log of public spending is stationary that is given by their difference (nt t − g t ), i.e., the stationarity of the logarithm of the net tax to spending ratio. The other variables enter in log levels, because they are strongly not integrated (using the first difference of an integrated variable may lead to a loss of information when a cointegration relation exists). Therefore, the VAR in this new specification consists of the following (as t , m t , ∆g t , ∆nt t , ∆y t , u t ) and includes the error correction nt t−1 − g t−1 .
The results are reported in Table S3 (panel d). To be consistent with the previous presentations of the results, we report the cumulative responses to shocks of series that enter in first difference (GDP, spending and net taxes).
The responses to a net migration shock in this specification are very similar to our previous results, with a slightly larger response in the fiscal balance.
As above, the effects of the asylum seekers' shock are significant with a delay, but are more persistent for GDP, spending and net taxes. . variables.
fig. S4
. Economic and fiscal responses to migration shocks, Year 0 stands for the year of the shock. The size of a shock on the net flow of migrants or the flow of asylum seekers is set to 1 incoming individual per thousand inhabitants. For per capita GDP, spending and net taxes, the responses are expressed in percentage change; for the unemployment rate and fiscal balance/GDP, the responses are in percentage point change. * denotes statistical significance at the 10% level. 
